INTRODUCTION
Submarine sonar systems have always been sophisticated and elaborate detection systems that require considerable skill and training on the part of the operator. In the past, extensive research has been devoted to testing sonarmen and to developing tests for their selection that would predict their efficiency as operators. Since the primary skills required were auditory, the selection of men was always on this basis; indeed, up until 1976, candidates for sonar school were screened on a test of memory for auditory pitch.
New sonar systems,like the BQQ5 and BQQ6, have been changed to present a visual display rather than relaying the information primarily to the auditory sense. These displays are extremely complex, and, like the auditory system, must require extensive skill and training for effective operation. The particular skills or abilities required, however, are largely unknown, as are the ranges of individual differences in performance and the effectiveness of training.
The goal of this research, therefore, was to determine the particular skills and abilities required to be an effective operator of visual sonar displays. Standard procedures have evolved in the field of occupational testing to address such a question.^-These procedures'include (1) analysis of the job to be performed, (2) administration of a trial battery of tests, chosen from the results of the job analysis,to a large group of subjects; (3) validation of the results from the test battery against an independent criterion of job success determined for each of the subjects, (4) selection of the final test battery, and (5) cross-validation against a new group of subjects.
Following these procedures, we have administered the tests to a group of 100 trained sonar technicians and reported the results of a factor analysis of the various measures.2 The independent criterion of job success, ratings by supervisors and peers, has been obtained for each of the sonar technicians, and this report presents the results of the validation of the test battery against this criterion.
PROCEDURE The Test Battery
A wide variety of perceptual and cognitive tests were included in the test battery.
These were chosen on the basis of a review of the literature and the results of a questionnaire completed by 17 experienced sonar technicians. The battery included a number of visual tests which varied from simple measures of basic abilities to assessments of complex perceptual skills, as well as some intellectual, motivational or experiential measures. The complete test battery has been described in a previous report; 2 briefly,it consisted of measures of visual acuity at near and far distances, phoria, depth perception, accommodation, refractive error, and perceptual factors of speed of closure, flexibility of closure, perceptual speed, and spatial orientation. Two perceptual tests, designed on the basis of current theories of visual perception, were presented on cathode ray tubes; these were texture discrimination and contrast sensitivity. In addition, a number of non-perceptual measures were included: these were the General Classification Test (GCT) and an arithmetic test (ART), results from which were obtained from the men's records; their ages; length of time spent in service; and an Internal/ External attitude test, which measures the extent to which an individual either feels in control of the things which happen to him or feels that events are beyond his control. Since a number of indices were available from some of these tests, the entire battery yielded 37 different scores by which to assess the men.
The Independent Criterion -Ratings of Proficiency Several ratings of the sonar technicians' proficiency as operators of visual sonar displays were obtained for each man. The raters were the sonar chief from each boat, the sonar or weapons officer, the leading petty officers (LPOs), and all of the other sonar technicians (peers). In order to assure that the technicians had had sufficient experience operating the BQ05, the ratings were obtained after the ship had been to sea and the sonar had been operated for at least six months.
The aim was to obtain a complete evaluation, consisting of measures from the test battery and ratings by all raters, on all sonar technicians on a given boat. During the time intervening between tests and ratings, some men were lost by transfer or retirement. The total sample, at the end of the study consisted of test results on 113 men. Of these, ratings were obtained for 101 men from eight different ships; these were the PHILADELPHIA, GROTON, OMAHA, NEW YORK CITY, PARGO, ARCHERFISH, MEMPHIS, and HAMMERHEAD. Twelve to thirteen sonar technicians were generally tested from each submarine.
The ratings obtained from those in a supervisory capacity differed from those obtained from the peers. The sonar chief, officers and LPOs were asked to rate all the men on a scale from zero to nine. A sample rating scale is provided in Appendix A. The instructions given to these raters were as follows: "You are being asked to rate the sonarmen on your ship for over-all ability as an operator of visual displays. (This does not include skills in maintenance or repair.) Simply make a check under each name at the position where he falls on the scale. Rate every man with respect to all others and also with respect to your general knowledge of sonar operators. After you have gone through the names once, look back over it to make sure there are no inconsistencies. Feel free to make any changes you wish.
In any small group of men, such as the sonar crew, there is only a small chance of having some one really great or terribly poor. Generally there will be several men who are about average and perfectly acceptable. It is often easiest to start the rating with these average men and then ask yourself how much better or poorer the other men are."
Since it is well known that raters differ in the absolute level of ratings that they give, all rates were transformed to Z scores before being used in the final analysis.
Peers were asked simply to nominate in order of excellence those three individuals that they believed to be the best over-all operators of the BQOS on their ship. They were told to use all aspects of operating the sonar system, such as detection and classification, in their evaluation but not to include maintenance and repair.
There were two reasons for the decision to ask peers for nominations of only good operators. Of primary importance was the consideration that the men would be more cooperative if asked to nominate their best operators than if asked who were the worst. Negative user-reaction can be a problem in peer assessments. ^ Second, comparisons of the validity of positive and negative peer nominations have indicated that the former are superior indices. 4, 5 The peer nominations were evaluated by assigning an arbitrary value of 3 to the man rated highest, 2 to the next best, and 1 to the next. The sum of all values achieved by each technician was used as the basic measure of his proficiency, according to his peers. This sum was then converted to the percent achieved, out of the total score possible, to equate for differences in the number of men rated on different ships.
Statistical Procedures
The major technique employed was a multiple correlation between various measures from the test battery and the criterion of proficiency as a sonar operator. Three different measures of proficiency were used. The first was an average of the ratings, in terms of Z scores, by three or four men in a supervisory capacity over the sonar operators on the submarine; these included the sonar chief, the sonar or weapons officer, and one or two LPOs. The second was the rating (Z scores) made by the sonar chief only; his evaluations were considered separately since it was assumed he would be most familiar with all the sonar technicians on his ship. The third was the peer evaluations.
Multiple correlations were done by computer, thus facilitating repeated trials of many different measures to find the highest and most significant correlations achieved by the least number of measures.
In addition, comparisons were made of the scores achieved on the various tests by the best and the poorest sonar technicians. Individuals were included in the best and poorest groups according to. their ratings by their sonar chief or their nominations by their peers.
RESULTS

Comparison of Different Measures of Proficiency
The ratings made by sonar supervisors differed in some ways from the nominations by peers. Since supervisors rated all the sonar technicians, all of the rates on each ship were transformed into Z scores with a mean of zero and a standard deviation of 1.0; these scores were, of course, normally distributed, The peer nominations, for each ship, resulted in a distribution of scores varying from 100% (if a given technician was rated "best" by all other technicians on the ship) to zero (if a technician received no votes) . These scores yielded a skewed distribution, since a few technicians usually received the majority of the votes and three to five men on each ship received none. Figure 1 shows the distributions for a typical ship, on which 14 men were rated. Despite the differing techniques used to rate proficiency by the supervisors and by the peers, there was good agreement between the results. The five best and five poorest operators, according to the sonar chief, are shown in the hatched areas of Pig. 1; the five poorest all received no nominations from peers, while the .five best included almost all those rated best by peers.
Another indication of the agreement is shown in Table I ; this shows the various ranks achieved by the man rated best on each ship by his peers. Agreement between raters is just as good when only the poorer operators are considered. Thirty-four percent of the men received zero nominations from their peers; the average 2 score of these men, as rated by supervisors was -0.175 and -0.84 by the sonar chief.
These average Z scores are significantly worse than the mean of all the men at p = <.005.
In addition, rank-order correlations between the Z scores by the sonar chief and the percentage of nominations by peers, determined separately for each ship, ranged from .737 to .846 and averaged .773 for all eight submarines. For the ship depicted in Fig. 1 , it was .774.
We thus conclude that there is substantial agreement on the ships as to who can and cannot operate the BQQ5 effectively. It is this opinion that we will attempt to predict with the best battery. Table I 
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Multiple Correlations
Multiple correlations among the various 37 measures derived from the test battery were calculated to determine how well the ratings of job proficiency could be predicted. Three separate analyses were made, one for each of the three sets of ratings: the sonar chief's, the average ratings by 3 to 4 supervisors, and the peer ratings.
The aim of the analysis by multiple correlation was, of course, to obtain the highest and most significant predictive value, or R, from the least number of measures. At one extreme, no single test had a sufficiently high correlation with the performance measures to be an adequate predictor; at the other extreme, use of all 37 measures yielded the highest (R= >.60) , but least significant predictor since many of the measures contributed nothing to the result.
Two procedures were helpful in selecting the best group of predictors. First, the results for the factor analysis, performed on the test battery, 2 proved useful. This analysis had yielded seven independent factors which best described the variance in the test battery. Theoretically, the use of more than one test from a single factor in a multiple correlation is counter-productive, since the tests in a single factor are correlated with one anoJther and thus provide redundant information.° Empirically this proved to be true. The best example is Age and Time in Service, which are, of course, highly correlated. Prediction of job proficiencies from both measures resulted in an increase in the R of only .01 over the correlation with Time in Service alone. Similar results were obtained even with measures which have less intercorrelation, as long as they were from the same factor. For example, performance on the Hidden Patterns Test was correlated to some extent with job proficiency (r =.19).. However, Hidden Patterns Test shares a common factor with the GCT and the use of the two in a multiple correlation resulted in an improvement of only .03 over the use of the GCT alone.
When combined with several other important factors, this improvement drops to .005.
The second procedure was Thorndike's step-wise method for determining the best R; in this analysis, one starts with the best predictor and adds one variable at a time until the addition of another adds but little. This step-wise procedure was followed, using only the best predictor from each factor, for each of the three sets of ratings of job proficiency. Table II lists the six measures that added a significant increase to the R for one or more of the three criteria and the factor to which they belonged. These six measures were time in service, GCT, near acuity, near lateral phoria, and two different error scores from the texture test. The addition of the second texture is an exception to the general rule that the use of more than one measure from a single factor does not increase the multiple correlation. The exception occurs because of the unusual finding that for one of the measures, increasing errors were predictive of poor job proficiency, as might be expected, while for the other, increasing errors indicated good proficiency. The other two scores included are HITS, the best measure of vision for large objects, and the Internal/External attitude test. This was included since it was the only one of the original measures which did not load (at the .3 level or higher) on any factor and is thus essentially a factor by itself. Of the original seven factors identified in the factor analysis, all are represented except the index of vertical eye alignment. Table III gives the multiple correlation determined by the stepwise procedure for each of the three sets of criterion ratings and the corresponding P ratio. For example, the basic six measures correlated .495 with the Sonar Chief's ratings, and the F ratio was 5.08. The inclusion of the other two factors increased the correlation to .521 but reduced the F ratio to 4.28.
Two points are illustrated in these two tables. First, the six measures which contributed significantly to the multiple R do provide a moderately, good prediction of the various criteria of job proficiency and these multiple correlations are substantially better than that provided by any single measure alone. Second, the addition of more measures produces only a small increment in the R while at the same time the over-all F ratio or level of significance falls slightly. 
Comparison of Good and Poor Operators
Another method of analyzing whether job proficiency can be predicted from the results of the test battery is a comparison of the average test scores of the best and poorest operators. For the assessment of job proficiency by the sonar chiefs, the 15 men who received the highest Z scores were compared with the 15 who received the lowest. For the peer assessment, a larger number were compared, since 32 of the 101 men received no nominations; these 32 constituted the group of poorer operators. Twenty-eight men received more than 20% of all possible nominations; these are the best operators. Table IV shows the results of this comparison and lists all measures which differentiated between the groups at a probability of .10 or better. There is good agreement between the two measures of job proficiency and also between them and the results of the multiple correlations. The better operators tended to be older, had more time in service, higher GCTs, better near acuity, and were less exophoric* They also made fewer errors on one of the texture discriminations and none on the other set, as noted above, and were more internal (that is, they believed that they, rather chance, are in control of the events in their lives). Only two discrepancies occur: ARI is included among the measures differentiating men according to the ratings of the sonar chiefs but not for the peers, while contrast thresholds for 10 cpd (an inverse measure of acuity) discriminates the groups according to the peers but not the sonar chiefs.
* small numbers on this test indicate esophoria, large numbers, exophoria and the normal average is 7.5.
DISCUSSION
A common result in using a large number of predictors in a multiple correlation is that a few variables receive most of the 8 weights while the rest are near zero. Therefore, one of the critical issues in the use of multiple correlation is the determination of the smallest subset of predictors which accomplish most of the prediction. Thorndike lists three reasons for attempting to find the minimum number; economy, simplicity of description, and stability of the regression coefficient.^ These were the reasons, of course, for employing the step-wise procedure to select the best tests.
Nonetheless, the selection of the specific tests to be employed always represents somewhat arbitrary decisions, since a number of measures make contributiots of similar size to the final R, only one of which can be significant.* Since this is so, the results from all the analyses completed so far, the factor analysis, and the comparison of average data for good and poor operators, in addition to the multiple correlations, will be used in the final step of this research; that is, the cross-validation against a new sample of sonar operators. These measures that are considered to be important possible predictors are, then, time in service, GCT, near acuity, near lateral phoria, texture discrimination, and Internal/External attitude test.
The implications of these results seem reasonable and obvious. First, many factors are necessarily involved in the make-up of a good sonar operator on visual displays. Thus no one measure, of the 37 possible, would give an adequate prediction of job proficiency. Second, the measures that are required for adequate prediction come from many different areasperceptual, intellectual, motivational, and experiential. Thus time in service is required in the correlation, showing that experience is an important factor. The Internal/External test provides a measure of the men's attitude on life and work and may be an essential ingredient. GCT is the best predictor from the whole group of tests of perceptual-cognitive skills, even though a GCT greater than one standard deviation above the mean is already a selection criterion for sonar technicians. Obviously modern submarines make sizeable intellectual demands on the operators. Finally, there are three visual or perceptual measures. While the texture discrimination may be an innate perceptual skill, near visual acuity and lateral phoria may reflect lack of proper optical corrections. * For example, in predicting the peer ratings, the employment of the first six factors listed in Table III gives an R of .414; substituting the Internal/External test for the GCT,however, reduces the R only to .410, an obviously inconsequential difference.
